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Abstract 
Corncob is mainly compose of lignocellulose rich in xylan. Corncob collected from Tanjung Anom village, East Java, was 
extracted by alkaline method. Corncob was used as substrate for ȕ-xylosidase GbtXyl43B and oat spelt xylan was used as 
standard for xylan substrate. GbtXyl43B has molecular mass of 72 kDa and is composed of Catalytic Module (CM) and 
Carbohydrate Binding Module (CBM). GbtXyl43B was purified from culture supernatant using Ni-NTA affinity 
chromatography. The enzyme was purified 26.785 fold over the crude extract of soluble proteins with a specific activity of 
14.9641 Unit mg-1. Enzymatic hydrolysis product of corncob and oat spelt xylan was analyzed by HPLC, producing xylose, 
arabinose and xylooligosaccharide. 
© 2015 The Authors. Published by Elsevier B.V. 
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Nomenclature 
CBM           Carbohydrate Binding Module 
CM           Catalytic Module 
HPLC           High Performance Liquid Chromatography 
IPTG           Isopropyl-thio-ȕ-D-thiogalactopyranoside 
Ni-NTA           Ni-Nitriloacetic acid  
SDS-PAGE     Sodium Dodecyl Sulfate Polyacrilamide Gel Electrophoresis 
DNS                3,5 Dinitrosalicylic acid 
1. Introduction 
Agriculture residues produce a large number of lignocellulosic biomass and can be converted to become value 
added products. Lignocellulose is composed mainly of cellulose, hemicellulose, and lignin that are chemically 
bonded by covalent cross-linkages1. Production of corncob has increased every year, about a million metric per year. 
Corncob, a major agricultural waste, contains a large amount of xylan-type hemicellulose2. Xylan has been widely 
used as a raw material for production of xylitol, biodegradable polymer material, and xylan-based nanoparticle3,4,5. 
Various suitable methods for extraction of xylan both chemically and mechanically have been developed by 
researchers. Alkaline treatment using NaOH is promising to be one of the best ways to extract xylan and was 
reported that these methods have obtained 68% of xylan in 2 hours6. 
Xylan is a complex polysaccharide that consists of a˟-1,4-linked xylose backbone and commonly  substituted at 
the 2-OH or 3-OH with other molecules such as acetyl groups, 4-O-methyl glucuronyl groups, or arabinose7, 
therefore complete hydrolysis of xylan requires synergistic action of complex xylanases enzymes including 
endoxylanases, ȕ-xylosidases, Į-L-arabinofuranosidases, ferulic acid esterases, Į-glucuronidases and acetyl 
xylanesterases8. Termophile xylanase that are able to hydrolyze xylan will be interesting to investigate for 
production, and to be used in industrial application. Thermophile xylanase can be isolated from composting plant 
material, hot springs, marine environment, hot geothermal location to cold regions on earth9. 
Gene encoding Xylanases from G. thermoleovorans IT-08 has been isolated from Gunung Pancar hot spring, 
Bogor, West Java, Indonesia10, and cloned to plasmid pBluescript, expressed in E. coli DH5Į. The recombinant 
plasmid namely pTP510 contains five genes: transposase, ABC Permease, GbtXyl43A (ȕ-D-xylosidase, xyl43A 
GenBank No. DQ345777), GbtXyl43B (ȕ-D-xylosidase) and arabinofuranosidase (abfa51 GenBank No. 
DQ387046). Preliminary investigation of three dimensional structure analyses showed that GbtXyl43B was 
composed of Carbohydrate Binding Module (CBM) in a ȕ-sandwich form and Catalytic Module (CM) in a five 
bladed ȕ-propeller form11. CBM mediates binding of insoluble substrate with the enzyme by bringing the catalytic 
module into prolonged and intimate contact with substrates and, as a result, increases the catalytic efficiency of the 
enzyme12,13. According to recent research by Coutinho14, the release of CBM from cellulose has decreased 
enzymatic activity drastically. The purpose of this research was to prove the ability of CBM of ȕ-xylosidase 
GbtXyl43B to bind insoluble substrate and to compare product hydrolysis of oat spelt xylan and corncob. 
2. Methods 
2.1 Materials  
The materials used in this study were Escherichia coli BL21 containing GbtXyl43B gene provided by Proteomic 
Laboratory, Institute of Tropical Diseases (ITD) Universitas Airlangga, Surabaya, East Java, Indonesia. The 
substrates used were oat spelt xylan (Fluka, Switzerland), birchwood xylan (Sigma, USA) and corncob xylan. 
Corncob, an agricultural waste, was kindly supplied by the local farmers in Tanjung Anom village, Nganjuk, East 
Java, Indonesia. The reagent was in analytical grades.
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2.2 Extraction of corncob xylan 
A powdered corncob was obtained from a procedure based on the one that was reported by Ayu6. Corncob was 
extracted in NaOH 4 N (100 mL), and filtrate was acidified with 4 N acetic acid until the pH was about 5.5-6. 
Precipitate of xylan A was recovered by centrifugation at 10,000 rpm for 30 minutes. The filtrate was collected then 
added with ethanol 96% with ratio of the mixture 1:2. Xylan B was recovered by centrifugation at 10,000 rpm for 30 
minutes. Both xylan A and xylan B were freeze dried to remove the water. Product hydrolysis of xylan A and xylan 
B were then analysed by High Performance Liquid Chromatography (HPLC). 
 
2.3 Expression and production GbtXyl43B  
 
Bacterial cells from frozen glycerol stock (-20°C) were plated on LB agar plate supplemented with kanamycin 50   
μg mL-1. Production of GbtXyl43B recombinant was carried out by culturing the bacteria in LB medium containing 
kanamycin 50 μg mL-1. Cells were grown at 37°C with shaking until an absorbance at 600 nm of between 0.5 and 
0.7 was reached (±2.5 h) and then induced for expression of the fusion proteins with the addition of 1 mM of 
isopropyl-ȕ-D-thiogalactosidase (IPTG) for 2.5 h (GbtXyl43B). Cells were harvested by centrifugation (3,500 rpm) 
for 30 minutes at 40°C. Supernatant was discarded and cells were resuspended in 10 mM phosphate buffer, with pH 
7.5 containing 10 mM of imidazole and 50 mM of NaCl, and disrupted by sonication. Supernatants of recombinant 
protein were isolated by centrifugation (10,000 rpm) for 15 minutes at 40°C. 
 
2.4 Purification of GbtXyl43B 
 
Purification was carried out by affinity chromatography method using agarose containing Ni-NTA (Nickel-
Nitrilotriacetic Acid). Columns with 1 mL resin Ni-NTA were washed with 5 column volume of sterile aquadest, 
and were slowly added with binding buffer with pH 8 (50 mM of phosfat buffer, 10 mM of imidazole, 250 mM of 
NaCl) to equilibriate resin, supernatant of protein was then loaded onto a column and incubated for 1 h at 0°C to 
allow binding of resin with protein. After 1 h, the eluate was collected as flow through. Resin was eluted with 
elution buffer, with pH 8 (50 mM of phosphate buffer, 30 mM of imidazole, 250 mM of NaCl). GbtXyl43B were 
recovered from the resin by cleavage of the bound fusion protein by increasing the concentration of imidazole (60 
mM, 100 mM, 300 mM). All fractions were collected and an analysis by Sodium Dodecyl Sulfate Polyacrilamide 
Gel Electrophoresis (SDS-PAGE). SDS-PAGE was performed by Laemmli method15. Concentration of protein was 
determined according to Bradford method16 
 
2.5 Enzymatic activity 
 
The enzyme activity was determined by measuring the release of reducing sugar using 3,5-dinitrosalicylic acid 
(DNS) method17. The mixture of 100 μL enzyme and 100 μL substrate (oat spelt xylan, birchwood xylan, corncob 
xylan extraction) was incubated at 60°C for 30 minutes. Reaction was stopped by adding 800 μL of DNS and 
incubated in boiling water bath for 15 minutes. After cooling in ice bath, absorbance of supernatant at 550 nm was 
measured. Blanks were prepared in the same way as the analysed sample except that 100 μL of enzyme was 
replaced by inactive enzyme. One unit of enzyme activity (IU) is defined as the amount of enzyme needed to release 
1 μmol reducing sugar per minute under assay conditions. Specific activity of enzyme was expressed in units per 
milligram. 
 
2.6 Analysis of xylan product hydrolysis by HPLC 
 
Oat spelt xylan, xylan A and xylan B, were used as a substrate. The mixture of 100 μL enzyme and 100 μL 
substrate was incubated at 60°C for 10 minutes. Supernatant was recovered by centrifugation at 8,000 rpm analysed 
using HPLC. HPLC was carried out on an Agilent system with a refractive index detector on a Zorbax carbohydrate 
column.  The mobile phase was a mixture of acetonitrile and water at a ratio of 70:30 with a flow rate of 1.4 mL 
min-1, and the column temperature was 30°C. 
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3. Results and discussion 
3.1 Extraction of corncob xylan 
 
Several methods for pretreatment of lignocellulose waste have been reviewed by researchers. Alkaline method 
was used to remove lignin in the form of solution while xylan was obtained in solid form after acidification. In the 
present study, xylan obtained was 68%. High content of xylan extraction indicates that the alkaline method was an 
effective way to extract xylan. The appearance of xylan A and xylan B was a brownish product. 
 
3.2 Activity of GbtXyl43B toward natural substrate 
 
One of the most challenging reactions in the bioconversion lignocellulose waste is the opening of an intricate 
mixture of polysaccharides (the major components of which are cellulose, hemicelluloses and lignin), because they 
are highly ordered and insoluble. G. thermoleovorans IT-08 possesses a gene cluster of thermostable xylanolytic 
enzymes which produces ȕ-D-xylosidases (GbtXyl43B) acting on either soluble or insoluble xylan. GbtXyl43B was 
known to contain CBM. CBM was identified from three-dimensional model (residues 15–149) using the CBM36 of 
xylanase 43A from P. polymyxa (PDB No. 1UX7) as a template. A structural model of CBM of GbtXyl43B had a ȕ-
sandwich of eight antiparallel ȕ-strands with residues of Phe55, Tyr75, Phe84, and Phe108 which were predicted to 
be important for carbohydrate binding11.  
 
 
 
 
Fig.1. Overall fold three-dimensional model of CM (a) and CBM (b) of GbtXyl43B. Structures from PDB ID Nos. 2EXH and 1UX7 are used as 
template for CM and CBM, respectively. To clarify loops 76–83 and 109–115 are omitted in the CBM model11 
 
To elucidate the xylanolytic activity acting on insoluble xylan, GbtXyl43B properties were explored. Purified 
GbtXyl43B were recovered after elution of buffer with 60 mM and 100 mM of imidazole concentration, 
respectively. Fractions were analysed by SDS-PAGE, staining with Commasie Blue. The pure enzymes were shown 
by a single protein band ± 72 kDa (GbtXyl43B) on the electrophoregram (Fig. 2). 
GbtXyl43B had a specific activity of 14.9641 (U mg-1), or 26.785 fold compared to the activity of supernatant 
using oat spelt xylan as a substrate. 
 
Table 1. Purification table of GbtXyl43B 
Step of purification Volume (mL) Protein(mg mL-1 ) Activity(Unit mL-1) Specific activity  (Unit mg-1) Fold 
Crude extract 7 3.9979 2.2335 0.5587 1 
Afinity chromatography 1 0.3200 4.7885 14.9641 26.785 
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Initial investigation to study the role of CBM in GbtXyl43B toward insoluble substrate used oat spelt xylan, 
birchwood xylan and xylan from corncob extraction (xylan A and xylan B) as a substrate. Xylan A has similar 
solubilty with oat spelt xylan, on the other hand birchwood xylan is more soluble than oat spelt xylan and xylan A, 
while xylan B is most soluble in water compared with other substrates. The fact that xylan B is more soluble than 
xylan A is due to the content of arabinose side chains, and the degree of polymerization which also affects the 
molecular weight of xylan, where the xylan derived from softwood indicating higher degree of polymerization has 
lower level of solubility. GbtXyl43B showed the highest activity for insoluble oat spelt xylan, but the lowest activity 
for xylan B among the others (Table 2). Higher activity of GbtXyl43B on oat spelt xylan than other substrates 
indicates the important role of CBM to help binding of insoluble substrates. 
 
Table 2. Purification table of GbtXyl43B 
Substrate Activity(Unit) Protein (mg) Specific activity(Unit mg-1) 
Oat spelt xylan 4.7880 0.3200 14.9641 
Birchwood xylan 1.0220 0.3200 3.1941 
Xylan A 1.4690 0.3200 4.5920 
Xylan B 0.5659 0.3200 1.7685 
 
 
3.3. Hydrolysis of natural substrates by the purified GbtXyl43B 
 
The degradation of various substrates by purified ȕ-Xylosidase was followed by analyzing product hydrolysis by 
HPLC (fig. 3). Identification of hydrolysis products by GbtXyl43B using HPLC was performed by incubating each 
xylan substrate with enzyme GbtXyl43B with the same ratio for 10 minutes at a temperature of 60°C. Subsequent 
mixture was centrifuged and the supernatant was taken for analysis by HPLC. Quantitative analysis of the hydrolysis 
products of GbtXyl43B was determined by cotton area for each peak (data not shown). Standards that were used in 
HPLC analysis included xylose (10 mg mL-1), arabinose (10 mg mL-1) and xylooligosaccharide (10 mg mL-1). 
HPLC chromatogram showed increasing peak area of xylose and arabinose of sample compared with the standard, 
resulting in the most significant amount of xylooligosaccharide. High arabinose level from hydrolysis of xylan B 
supported the solubility of xylan B in water. Fig. 3 showed that hydrolysis products of GbtXyl43B are 
xylooligosaccharide, xylose and arabinose. Exo-xylanase activity was detected from the release of 
xylooligosaccharide. The product similarity between hydrolysis of oat spelt xylan and corncob xylan provides a new 
alternative in the use of substrates for xylanolytic activity. 
Fig. 2. SDS-PAGE analysis of fractions 
obtained during the purification of 
GbtXyl43B. Lane M, protein marker; 
lane 1, pure GbtXyl43B; and lane 2, 
crude supernatant. 
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Fig. 3. (a) Standard (xylose, RT 4.45; arabinose, RT 4.90; xylooligosaccharide RT 5.84); (b) xylan A (xylose, RT 4.47; arabinose, RT 4.92; 
xylooligosaccharide RT 5.56); (c) xylan B (xylose, RT 4.45; arabinose, RT 4.84; xylooligosaccharide RT 5.86); (d) oat spelt xylan (xylose, RT 
4.51; arabinose, RT 4.91; xylooligosaccharide RT 5.69). 
4. Conclusion 
We have studied the activities of GbtXyl43B on natural substrates. The result shows that hydrolysis products 
between oat spelt xylan and corncob are similar and provides a new alternative in the use of substrates for 
xylanolytic activity. GbtXyl43B as one of xylanolytic enzymes is able to degrade insoluble substrate that produces  
xylooligosaccharide, xylose and  arabinose. 
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